THE COMPOSITION OF COMET C/2009 PI (GARRADD) FROM INFRARED SPECTROSCOPY: 
EVIDENCE FOR AN OXYGEN-RICH HERITAGE? M. A. DiSanti', B. P. Bonev 1 ' 2 , G. L. Villanueva 1 ' 2 , L. 
Paganini 1 ' 3 , M. J. Mumma 1 , S. B. Charniey 1 , J. V. ICeane 4 , and K. J. Meech 4 , G. A. Blake 5 , H. Bohnhardt 6 , M. 
Lippi 6 , 'Goddard Center for Astrobiology, NASA-GSFC, Grcenbelt, MD, USA (michael.a.disanti@nasa.gov), 
2 Catholic University of America, Washington, DC, USA, 3 NASA Postdoctoral Program Fellow, ^Institute for As- 
tronomy/UH NASA Astrobiology Institute, Honolulu, HI 96822, USA, division of Geological and Planetary Sci- 
ences, Caltech, Pasadena, CA, USA, 6 Max Planck Inst, for Solar System Research, Katlenburg-Lindau, Germany. 


Introduction: Comets retain relatively primitive 
icy material remaining from the epoch of Solar System 
formation, however the extent to which their ices are 
modified remains a key question in cometary science. 
One way to address this is to measure (he relative 
abundances of primary (parent) volatiles in comets 
(i.e., those ices native to the nucleus). 

High-resolution (k/A\> 10 4 ) infrared spectroscopy 
is a powerful too! for measuring parent volatiles in 
comets through their vibrational emissions in the ~ 3-5 
pm region. With modern instrumentation on world- 
class telescopes, we can quantify a multitude of species 
(e.g., H 2 0, C 2 H 2 , CH 4 , C 2 H 6j CO, H 2 CO, CHjOH, 
1-ICN, NH 3 ), even in comets with modest gas produc- 
tion. In space environments, compounds of keen inter- 
est to astrobiology could originate from HCN and NHj 
(leading to amino acids), H 2 CO (leading to sugars), or 
CjFL and CH 4 (suggested precursors of ethyl- and 
methyiamine). Measuring the abundances of these pre- 
cursor molecules and their variability among comets 
contributes to understanding the synthesis of the more 
complex prebiotic compounds. 

Observations: Results will be presented from pre- 
perihelion spectra of C/2009 PI (Garradd), a moder- 
ately bright comet from the Oort cloud, using three 
world-class facilities (with UT 2011 dates and R h ): 
Keck/N 1 RS PEC(S ep 09, 2.1 AU[1]; Oct 13, 1.8AU[2]), 
VLT/CRIRES (Aug 07, 2.4AU; Sep 17-21, 2.0AU[3]), 
and NASA-IRTF/CSHELL (Sep 08, 2.1AU [1]). 
Compared with the majority of Oort cloud comets, our 
observations of C/2009 PI reveal enriched CO, se- 
verely depleted C 2 H 2 , normal C 2 H 6 , and normal to 
somewhat enriched CH3OH. 

Implications for Surface Chemistry: The impor- 
tance of H-atom addition to C 2 1-I 2 on (he surfaces of 
interstellar grains to produce C2H4 and then C 2 H<; was 
validated astronomically by the discovery of abundant 
ethane in comet C/1996 B2 (Hyakutake), with 
C 2 H<;/CH 4 well above that achievable by gas-phase 
chemistry [4], and subsequently in irradiation experi- 
ments on laboratory ice samples in the range ~ 10-50 
K [5], The large abundance ratios C 2 H 6 /CH 4 observed 
universally in comets since Hyakutake establish H- 
atom addition as an important and likely ubiquitous 
process. Comparing C2H 6 /C 2 H 2 among comets can 


provide information on the efficiency of this process, 
and the infrared spectral region is uniquely capable in 
this regard since symmetric hydrocarbons (e.g., C2H2, 
CH 4 , C2H6) have no electric dipole moment and so 
have no allowed pure rotational transitions. 

CO is also hydrogenated on grain surfaces. Labo- 
ratory irradiation experiments on interstellar ice ana- 
logs have shown this to require veiy low temperatures, 
the resulting yields of H 2 CO and CH3OH being highly 
dependent both on hydrogen density (i.e., fluence) and 
on temperature in the range ~10 - 25 K [6]. The rela- 
tive abundances of these chemically-related molecules 
in comets provide one measure of the efficiency of H- 
atom addition to CO on pre-cometary grains. 

Oxidation of CO is also important on grain man- 
tles, as evidenced by the widespread presence of C0 2 
ice towards interstellar sources observed with ISO [7] 
and also in a survey of seventeen comets observed with 
AKARI [8], H~atom addition to C2H2 produces the 
vinyl radical (CH 2 CH), which through subsequent oxi- 
dation/reduction reactions can lead to the three C 2 H 4 0 
isomers: ethylene oxide (C-C2H4O), vinyl alcohol 
(CH 2 CHOH), and acetaldehyde (CH 3 CHO) [9, 10]. 
This may have implications for interpreting observed 
abundance ratios for parent volatiles initially con- 
densed onto grains (in particular CO/C 2 H 2 ). For ex- 
ample, the depleted C 2 H 2 we measure in C/2009 PI 
may result from its conversion not only to ethane but 
also to these C 2 H 4 0 isomers and (possibly) also to 
ethanol (CH 3 CH 2 OH). 
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